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Description: 

FIELD OF THE INVENTION 

The present invention relates to a digital frequency divider circuit 
comprising an input terminal for receiving a clock signal, frequency of which is to be 
divided and an output terminal for outputting a frequency divided clock signal. 

5 

BACKGROUND OF THE INVENTION 

Frequency dividers are among the basic circuits of digital technology. 
FrequCTicy dividers are digital circuits, the input frequencies are integer multiples of the 
output frequencies. Such circuits are used for exanq>le in radiofrequency technology, 

10 where there exists continual demand for the development of circuits with &vor higher 
clock rates or frequencies. la order to realize frequency dividers, usually a plurality of 
gates are connected in series in a combinatorial part of the divider, so that, for each state 
change of the input signal, many gates are switched within one clock period. 

The maximmn possible input frequency of a frequency divider is thus 

1 5 limited by the sum of the signal propagation times of the series-connected gates* 

US 2003/0007591 discloses a frequency divider that overcomes the above 
mentioned disadvantage. This frequency divider comprises among other components a 
state register, a decoder, a loading device and a parallel to serial converter. Some of 
these components are clocked with a high frequency clock whereas other components 

20 are clocked with a low frequency clock. Due to the use of many components and of two 
frequency clocks, the frequency divider disclosed in US2003/0007591 remains quite 
complicated to manu&cture. 

SUMMARY OF THE INVENTION 
25 It is accordingly an object of the invention to provide a frequency divider 

Ihat is able to operate at high frequency and which remains quite easy to manu&cture* 

With the foregoing and other objects in view there is provided, in 
accordance with the invention, a frequency divider comprising a shift register having 
cells for storing each bit of an initial word, said cells being series connected in a loop. 
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and said shift register being capable of shifting each bit of the initial word from the cell 
in which it is stored to the next cell in the loop at a rate clocked by the received clock 
signal, and wherein the output terminal is connected to the output of one cell of tihe 
loop of series connected cells. 
5 In the above frequency divider, the cells of the shift register are connected 

to each other in order to form a loop, so that bits shifted turn around or rotate, hi such a 
shift register, if the same initial word is repeatedly shifted in synchronism with the 
received clock signal, the signal observed at one output of one of the cells is periodic 
and its frequency is a submultiple of the fi^quency of the received clock signal. It can 
10 be noticed that such frequency divider does not comprise any series connected gates. 
Consequently, high clock rates can be processed. Furthermore, the number of 
components of this frequency divider is reduced compare to the frequency divider of US 
2003/007591. So, this frequency divider is simpler to manufacture. 

The features as defined in claims 2 to 4 have the advantage that the divider 
IS ratio of the frequency divider is adjustable. 

The features as defined in claims S to 7 have the advantage that the duty 
cycle ratio of the frequency divider can be selected. 

Other features of the claimed invention are recited in the dependent claims. 

The invention also concerns an electronic device including a frequency 
20 divider according to claim 1. 

This and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments desoibes herein after. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 is a schematic diagram of a first embodiment of a frequency divider 

according to the invention ; and 

Fig.2 is a schematic diagram of a second embodiment of a frequency divider 
according to the invention. 
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DESCRIPTION OF THE PREFERED EMBODIMENTS 

Fig.l represents a first embodiment of a frequency divider 2. The frequency 
divider 2 will be described only for illustration propose ui the special case where the 
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divider ratio of the frequency divider is equal to four and its duty cycle ratio is equal to 
50/50. 

The value x/y for flie duty cycle ratio indicates that during x per cents of the 
time, the output clock signal should be set to a logic one whereas during the remaining 
5 time the output clock signal should be set to a logic zero. 

Frequency divider 2 is implemented in an electronic device 3 Fig.l that need 
clock frequency division operations to be carried out 

Frequency divider 2 comprises an input terminal 4 and an output terminal 6. 
Terminal 4 is for receiving the clock signal, frequency of which is to be divided by the 
10 divider ratio. Terminal 6 is for outputting a clock signal, frequency of which is equal to 
the frequency of the received clock signal divided by the divider ratio. 

The frequency divider 2 comprises a shift register 8 having four cells 10 to 
13 clocked in synchronism by the same i^put clock that is the clock received at terminal 
4. In order to do so, the clock input of each cells is directly connected to terminal 4. 
15 Here, each cell is a flip-flop or a scanable circuit. 

The output of each flip-flop is directly connected to the input of a following 
flip-flop except for last flip-flop 13. The output of flip-flop 13 is connected to the input 
of first flip-flop 10. Such a design fomi a loop 14 in which flip-flops 10 to 13 are 
connected in series. 

20 The two first flip-flops 10 and 11 are connected to a common reset line 18 

in order to initialise these two first flip-flops with a logic one at the output. The two 
other flip-flops 12 and 13 are connected to a reset line 20 in order to initialise these two 
flip-flops with a logic zero at the output 

Reset lines 18, 20 are connected, for example, to respective and different 
25 fixed potentials so that flip-flops 10 and 1 1 are always initialized with a logic one 
whereas flip-flops 12 and 13 are always initialized with a logic zero. 

The way in which frequency divider 2 works will now be explained. 

At initialization, reset lines 18 and 20 write in shift register 8 an initial word 

"1100". 

30 When a rising edge occurs in flie received clock signal at terminal 4, value 

from the output of each flip-flop is captured onihe following flip-flop. Consequently, 
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each bit of the word " 1 100" is shifted by one position on the left at each rising edge of 
the received clock signal. This is illustrated in the following table. 
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Table 1 

5 The fist line of Table 1 shows the output values of each flip-flops 10 to 13 



in the initial state of shift register 8. The following lines shows the output value of flip- 
flops 10 to 13 respectively after the first, second, third, fourA and fifth rising edge of 
the received clock signal. The last column of Table 1 shows the outputted value at 
terminal 6 corresponding to each rising edge. 

10 As shown, the initial word "11 00" is shifted by one position at each rising 

edge of tiie received clock signal and the bit outputted by flip-flop 13 is retomed back to 
the input of flip-flop 10. The value stored in the shift register is periodically repeated 
every four rising edges of the received clock signal. Therefore, the output clock signal 
presents only one rising edge every foxir rising edges of the received clock signal. So the 

15 frequency of the output clock signal is four time smaller than the firequency of the 
received clock signal. 

Furthermore it can be noted that the duty cycle ratio of the firequency divider 
2 is equal to SO/SO since during one period of the output clock signal, the value of the 
output clock signal is equal to " 1" during 50% of the time and equal to "0" during the 

20 remaining time. 

The maximum possible frequency of the received clock signal is only 
limited in frequency divider 2 by the signal propagation time through one flip-flop. For 
example, if the signal propagation time of a signal from the input of one flip-flop to the 
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output of the same flip-flop is equal to 1 ns, the maximum possible input frequency is 
up to 1 GHz. 

Furthemiore, the duty cycle ratio of frequency divider 2 can be easily 
changed by initializing the shift register with a different mitial word, like "1000" or 
5 "1110". The initial word should be comprised between 1 and 2" ^ 2, where n is the 
number of cells of the shifted register. 

However in the preferred embodiment, the setting of each flip-flop is not 
adjustable or programmable in order to ease the test of the frequency divider during the 
manufacturing process using a test method known as "SCAN test". For example, the 
10 initial setting of each flip-flop is hardwired- 

Fig.2 illustrates a second embodiment of a frequency divider designated by 
the general reference 30. The frequency divider 30 is designed to have an adjustable 
duty ratio as well as a programmable divider ratio. 

Similarly to frequency divider 2, frequency divider 30 comprises an iiiput 
15 terminal 32 to receive the input clock signal, frequency of which is to be divided, and an 
output terminal 34 for oufputting flie divided frequency clock signal. 

Frequency divider 30 also comprises a shift register 36 clocked by the input 
clock signal and a control unit 38 for configuring the shift register 36. 

As an example, shift register 36 is designed to have a maximum divider 
20 ratio equal to eight. Therefore, §hift register 36 comprises eight flip-flops 40 to 47 
connected in series in a loop 48. FKp-flops 40 to 43 form a first group of series- 
connected flip-flops, outputs of which are always initialized to a logic one, and flip- 
flops 44 to 47 form a second group of series-connected flip-flops, outputs of which are 
always initialized to a logic zero. 
25 In order to initialize the output of the flip-flops of the first group to a logic 

one, one reset input of each flip-flop is connected to a reset line SO which, is configured 
to always set up a logic one at initialissation of shift register 36. 

Similarly, the reset input of each flip-flops of the second group is connected 
to a reset line 52 which is configured to always set ^xp a logic zero in flip-flops 44 to 47 
30 at initialization of shift register 36. 

Loop 48 of shift register 36 also has only two multiplexors 54 and 56. 
Multiplexor 54 is connected between fhe first and second groups of flip-flops whereas 
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multiplexor 56 is connected between the second and first groups of flip-flops. More 

precisely, the ou^ut of each flip-flop of the first group is connected to a corresponding 

input of multiplexor 54 and an output of multiplexor 54 is connected to the first flip-flop 

of the second group that is flip-flop 44. 
5 The output of each flip-flop of the second group is connected to a 

corresponding input of miiltiplexor 56, An output of multiplexor 56 is connected to flie 

first flip-flop of the first group that is flip-flops 40. 

Two control lines 58 and 60 are connected between control unit 38 and^ 

respectively, multiplexors 54 and 56 in order to select which input of a multiplexor 
10 should be connected to its output 

Control unit 38 has two inputs 64 and 66. Input 64 is provided for receiving 

the value of the desired duty cycle ratio and input 66 for receiving the value of the 

desired divider ratio. 

Control unit 38 is designed to configure the shift register 36 so that the duty 
15 cycle ratio and the divider ratio of the frequency divider are equal respectively, to the 

inputted desired duty cycle ratio and divider ratio. In order to do so, the control unit 38 

has a module 68 to determine the number of flip-flops that should be used in loop 48 to 

obtain the desired divider ratio and a module 70 to determine which flip-flops of shift 

register 36 should be used in loop 48 to obtain the desired duty cycle ratio. 
20 Modules 68 and 70 are realised in a conventional way in order to implement 

the herebelow described functionality. 

The way in which fi-equency divider 30 works, will now be e?qplained in the 

particular situation where the desired duty cycle ratio is equal to 25/75 and the desired 

divider ratio is equal to four. 
25 At initialization, module 68 determines that to obtain a divider ratio equal to 

four, four flip-flops should be used in the loop of shift register 36 since the number of 

flip-flops needed is equal to the desired divider ratio. 

Module 70 determines that 25 per cents of the flip-flops to be used should 

be selected in the first group wh^eas the other flip-flops to be used should be selected 
30 in the second group. Indeed, the first value of the desired duty cycle ratio, here "25", 

fixes the percentage of the flip-flops to be used that should be selected in the firat group. 

In the particular situation described here as an example, this means that one flip-flop 



7 



should be selected in fhe first group and three flip-flops should be selected in the second 
group. 

So, during an initialization step, control unit 38 controls multiplexor 54 in 
order to connect the output of flip-flop 40 to the input of flip-flops 44. Control unit 38 
5 also controls multiplexor 56 in order to connect the output of flip-flop 46 to the input of 
flip-flops 40. 

After this initialisation step, the loop of shift register 36 only comprises four 
flip-flops that are flip-flops 40, 44, 45 and 46 and the initial word to be shifted by one 
position at each rising edge of the input clock signal is equal to "1000". This initial 
10 word corresponds exactiy to a duty cycle ratio equal to 25/75. 

Now the frequency divider 30 is ready to work and works exactiy as already 
explained for frequency divider 2. Therefore no ftirther explanation will be given. 

In comparison to frequency divider 2, frequency divider 30 presents the 
advantages to have adjustable duty cycle ratio and divider ratio. However, the 
1 5 maximum possible input frequency for the input clock signal is slighfly lower than the 
maximum possible input frequency of frequency divider 2. Lideed, the maximum 
possible input frequency of frequency divider 30 is determined by the signal 
propagation time of one flip-flop and one multiplexor. 

Otherwise, frequency divider 30 presents exactiy the same advantages than 
20 frequency divider 2. In particular, the initial state of each flip-flops of shift register 36 
are always the same so that frequency divider 30 can easily be tested during the 
manu&cturing process using the SCAN test method. 

Frequency dividers 2 and 30 have been described in the particular situation 
where the number of cells of frequency dividers 2 and 30 are, respectively, equal to four 
25 and eight. In other embodiment, depending on the maximum divider ratio to be 
adjusted, the number of cells can be greater or smaller. 

Frequency dividers 2 and 30 have been described in the particular situation 
where the cells of the shift register are flip-flops. However, other components selected 
among sequential logic components can be used to replace tiie flip-flops. However, care 
30 should be taken to the signal propagation time of these other components that could be 
used to replace flip-flops. 
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1 . A firequenc^ divider comprising: 

- an input terminal (4 ; 32) for receiving a clock signal, frequency of which is to be 

divided, 

- an output teraiinal (6 ; 34) for outputting a frequency divided clock signal, 
5 wherein the frequency divider comprises: 

- a shift register (8 ; 36) having cells (10-13 ; 40-47) for storing each bit of an initial 
word, said cells being series connected in a loop (14 ; 48), and said shift register 
being capable of shifting each bit of the initial word from tiie cell in which it is 
stored to the next cell in the loop at a rate clocked by the received clock signal, 

10 and 

- wherein the ou^ut temiinal (6 ; 34) is coimected to the output of one cell of the 
loop of series connected cells. 

2. The frequency divider according to claim 1, wherein the number of cells 
IS connected in series in the loop is adjustable, and wherein the frequency divider 

comprises a control unit (38) to adjust this number of cells in order to achieved a 
desired frequency divider ratio. 

3. The frequency divider according to claim 2, wherein said shift register 

20 comprises at least one multiplexor (54 ; 56) to adjust the number of cells in the loop. 

4. The frequency divider according to claim 3, wherein each input of the or each 
multiplexor is connected to the output of a respective cell of a group of series-connected 
cells, and an output of the or each multiplexor is connected to a next cell in the said 

25 loop, and wherein the control unit (38) is able to control said at least one multiplexor in 
order to select which input of the or each miUtiplexor is cotmected to its output 
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5. The frequency divider according to claim 1, wherein the cells used in the loop of 
the shift register are selectable in either one of a first and a second groups of cells, each 
cells of the first group being always initialized with a logic one, and each cells of the 
second group being always initialized with a logic zero, and wherein the frequency 

S divider comprises a control unit (38) to select the cells used in the loop of the shift 
register in either one of said first and second groups in order to achieve a desired duty 
cycle ratio* 

6. The frequency divider according to claim 5, wherein to select cells in either tiie 
1 0 first or the second group, the shift register comprises a first and a second multiplexors 

(54 ; 56). 

7. The frequency divider according to claim 6, wherein the output of each cells of 
the first group is connected to respective inputs of the first multiplexor (54) and an 

1 5 output of the first multiplexor is coimected to the input of one cell of the second group, 
and the output of each cell of the second group is connected to respective inputs of the 
second multiplexor (56) and an output of the second multiplexor is coimected to the 
input of one cell of the first group, and 

wherein the control unit (38) is able to control the first and second multiplexors 

20 in order to select for each of them which input of the multiplexor is connected to its 
output according to the desired duty cycle ratio. 

8. The frequency divider according to anyone of the previous claims, wherein the 
cells are flip-fiops. 

25 

9. An electronic device comprising a frequency divider, wherein the frequency 
divider is conform to anyone of the previous claims. 
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A frequency divider and an electronic device incorporating such a frequency divider • 
ABSTRACT 

The frequency divider for hi^ frequency clock signal comprises: 

- an shift register (8) having cells (10-13) for storing each bit of an initial 
word, said cells being series connected in a loop (14), and said shift register being 
capable of shifting each bit of the initial word from the cell in which it is stored to the 
next cell in the loop at a rate clocked by the high frequency clock signal, and 

- wherein an output terminal (6) for outputting a frequency divided clock 
signal is connected to the output of one cell of the loop of series connected cells. 
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